Laser-Induced Breakdown Spectroscopy (LIBS) and Raman Spectroscopy have rich histories in the analysis of a wide variety of samples in both in situ and remote configurations. Our team is working on building a deployable, integrated Raman and LIBS spectrometer (RLS) for the parallel elucidation of elemental and molecular signatures under Earth and Martian surface conditions. Herein, results from remote LIBS and Raman analysis of biological samples such as amino acids, small peptides, mono-and disaccharides, and nucleic acids acquired under terrestrial and Mars conditions are reported, giving rise to some interesting differences. A library of spectra and peaks of interest were compiled, and will be used to inform the analysis of more complex systems, such as large peptides, dried bacterial spores, and biofilms. These results will be presented and future applications will be discussed, including the assembly of a combined RLS spectroscopic system and stand-off detection in a variety of environments.
INTRODUCTION
A variety of spectroscopic techniques can be used to analyze samples of biological origin but few lend themselves to remote applications like Raman and Laser-Induced Breakdown Spectroscopy (LIBS). Raman spectroscopy relies on changes in polarizability of molecular bonds to excite the vibrational modes which determine the molecular structure [1] . LIBS involves laser ablation of a portion of a sample, and produces an atomic emission spectrum. By combining these techniques, one can remotely examine both quantitative elemental (LIBS) and detailed molecular (Raman) structures in the same sample. Indeed, an instrument that combines these techniques is being prepared for the next NASA Mars Rover mission scheduled to launch in 2020.
Raman and LIBS have been employed to study many disparate analytical systems. LIBS has been used to investigate the organic carbon content of terrestrial samples [2] . Spores, molds, pollens, and proteins have also been analyzed with LIBS, against a filter membrane background [3] , and sea water has been examined as a background matrix, paving the way for the examination of other effluents or plumes from suspected biological samples [4] . Promising reports outline the use of LIBS for the detection of bacterial samples [5] [6] [7] . Bacterial samples have also been studied using Raman [8] , as have amino acids [9, 10] and simple sugars [11] (including glucose in vivo [12] ). Explosives are of interest in the chemical/biological detection (chem/bio) realm, and have been observed at distances of 20-50 m [13] . The ability to exploit these combined techniques over defined distances, thereby paving the way for truly remote detection of samples, is investigated in this paper. Furthermore, we are building upon the successful deployment of the ChemCam LIBS instrument to a truly remote and rugged environment. Our strategy eliminates the need for sample acquisition and preparation, enhancing safety and security for a sampling team. This paper focuses on the acquisition of LIBS and Raman spectra for a variety of biologically relevant samples, identification of relevant spectral features, and comparison of our results to those in the literature. This effort used two different laser systems. The results presented here are the first step towards demonstrating the value of integrated atomic and molecular characterization of biological samples for their remote identification in rugged environments. With organic samples, an emission line at 656 nm is observed, which we attribute to hydrogen from the sample molecular structure. This stands to reason as hydrogen composes a large portion of many organic molecules. For example, even the simplest amino acid-glycine-has the molecular formula C 2 H 5 NO 2 , in which 50% of the atoms in the molecule are hydrogen. Correlation of the band intensity with stoichiometric hydrogen content is in progress. Note that this significant emission line is absent in inorganic samples that do not contain hydrogen (Figure 3 ).
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SUMMARY
The premise of this work is that the ability to integrate atomic (LIBS) and molecular (Raman) information can provide greater certainty in the identification of biological signatures. This is of significance for defense applications, such as remote sensing of biological signatures in a supposed biothreat or biowarfare scenario. Our team is also interested in quantitatively evaluating the possibility of extra-terrestrial life, and these studies will facilitate interrogation of information obtained during future space missions.
The LIBS spectra from all of the biological samples probed in this investigation contains diagnostic atomic emission lines from C, H, and O, as expected, from which elemental compositions can be extracted. In a truly unknown sample, the elemental composition can be used to infer the molecular structure based on the stoichiometry. However, the molecular structure of the sample can be definitely determined from the Raman spectrum in an integrated RLS instrument. While the molecular composition chemistry can be inferred from the Raman spectra, the atomic composition can be determined from the LIBS spectra. Together, these two different spectroscopic methods can provide valuable information towards identification of an unknown biological signature, remotely, making them extremely valuable for biodetection applications.
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